We have investigated the long-term effect of a single subcutaneous injection of cadmium chloride on plasma testosterone and gonadotrophin levels and the prolactin response to the dopaminergic antagonist metoclopramide in the rat. Twelve days after treatment with cadmium there was testicular necrosis, associated with a decrease in testosterone concentration and atrophy of the accessory sexual glands. By 185 days, partial recovery of the accessory sexual glands indicated by Leydig cell regeneration and a slight rise in testosterone levels had occurred. There was, however, persistent damage to the germinal epithelium. Concentrations of LH increased eightfold above controls by day 12, remained raised until 60 days and then decreased to threefold above controls at 280 days. In contrast, FSH levels reached a maximum between 60 and 130 days and remained persistently raised.
INTRODUCTION
Parenteral administration of a single small dose of cadmium salts results in testicular necrosis and subsequent atrophy of the accessory sexual glands (Gunn & Gould, 1970) . After some time, recovery of the latter can be observed consequent to Leydig cell regeneration. However, the germinal epithelium remains persistently damaged (Gunn & Gould, 1970) .
There is some slight similarity in morphology between seminiferous tubule failure in man and the late stages of cadmium-induced azoospermia in the rat. Azoospermic or oligospermic patients with high gonadotrophins, normal levels of testosterone and intact secondary sex characteristics have an exaggerated prolactin response to thyrotrophin releasing hormone (TRH) (Spitz, Zylber, Cohen, Almaliach & LeRoith, 1979) . Patients orchidectomized because of prostatic carcinoma, have normal prolactin responses (LeRoith, Liei, Caine & Spitz, 1981) . However, there is a decreased prolactin response to both TRH and metoclopramide in the castrated rat (Zylber, Gershman & Spitz, 1979) . Administration of testosterone propionate, in a dose sufficient to maintain the weight of the accessory sex organs, only partially restored prolactin secretion in the castrated rat (Zylber-Haran, Gershman & Spitz, 1981a) .
The aim of the present study was to assess the interrelationships between testicular morphology and circulating plasma levels of testosterone, gonadotrophins and prolactin in cadmium-treated rats during a period of 280 days after cadmium administration.
MATERIALS AND METHODS

Animals
Male rats (180-220 g) of the Charles River strain were used in all studies. They were housed under a schedule of 14h light: 10h darkness, and water and rat chow were available ad libitum. Forty rats were treated with a single subcutaneous injection of 002 mmol cadmium chloride (BDH Chemicals Ltd, Poole, Dorsef)/kg in 0-2 ml distilled water. This dose damages the seminiferous tubules and interstitial tissue, but recovery of the latter is observed within 6-8 weeks (Gunn & Gould, 1970) . Control animals were injected with distilled water. In some rats, castration was performed under ether anaesthesia through a single mid-scrotal incision.
Blood sampling and pituitary gland collection At 12, 19, 60, 75, 130 and 280 days after cadmium administration, groups of six cadmiumtreated and six control rats were subjected to a metoclopramide test, as described previously (Krajian, 1963 (Zylber-Haran et al. 1981 , b) by double-antibody radioimmunoassays using reagents kindly supplied by the National Pituitary Agency, NIAMDD, Maryland, U.S.A. Results are expressed in ng/ml NIAMDD rat PRL-RP-1, LH-RP-1 and FSH-RP-1 standards supplied with the kit. Samples from a complete experiment were determined in the same assay. Interassay coefficients of variation for prolactin, LH and FSH assays were 15-5, 160 and 10-5% respectively. Corresponding intra-assay coefficients of variation were 7-9, 9-2 and 6-9%. For the testosterone assay, plasma samples were extracted with diethyl ether. The supernatant fractions were dried under nitrogen at 37°C and the dried material was resuspended in 005 M-Tris-HCl buffer (pH 80) containing 015 M-NaCl, 01% gelatin and 002% sodium azide. Fractions of the resuspended ether extracts were incubated for 18 h at 4°C with 5000 counts [l,2,6,7,16,17-3H(N) (Hopkins, Dulisch, Gauss, Hilscher & Hirschhauser, 1978) , induction of cryptorchidism (Kerr, Rich & De Kretser, 1979) , vitamin -deficient diet (Rich & De Kretser, 1977) , administration of hydroxyurea (Rich & De Kretser, 1977) and busulfan (Debeljuk, Arimura, & Schally, 1973) . Cadmium is highly toxic to the testes of a number of animals. Parizek & Zahor (1956) reported complete necrosis of the rat testis after a single injection of cadmium in a dose of 002 mmol/kg body weight. After the initial necrotic phase, Leydig cell regeneration occurs without any tubular regeneration (Allanson & Deanesly, 1962; Roe, Dukes, Cameron, Pugh & Mitchley, 1964) .
In the initial phase characterized by coagulative necrosis of tubular and interstitial cell elements, there was an increase in plasma levels of LH and FSH and a decrease in plasma testosterone with atrophy of the accessory sexual glands. This is compatible with earlier reports (Schenck, Senge & Graf, 1975; Chandler, Timms, Morton & Groom, 1976) .
The second stage of cadmium damage was characterized by interstitial cell proliferation and hyperplasia, a slight increase in testosterone levels with a partial restoration of ventral prostate and seminal vesicle weight and slight decrease in LH levels. However, none of these parameters had fully returned to normal. Levels of FSH remained markedly raised and histologically there was no regeneration of the seminiferous tubules which were fibrosed and calcified. This is compatible with observations by Favino, Baillie & Griffiths (1966) who showed that testosterone synthesis increased progressively with interstitial tissue regeneration.
Prolactin secretion is controlled predominantly by an inhibitory dopaminergic mechan¬ ism (Clemens & Meites, 1977) . Metoclopramide increases prolactin secretion by induction of dopamine blockade (Carlson, Briggs & McCallum, 1977) . Our previous studies have shown that a single subcutaneous injection of metoclopramide elicited a dose-dependent increase in plasma prolactin levels in both control and castrated male rats, higher doses producing greater increases. Control rats consistently responded with a greater plasma prolactin increase than castrated rats (Zylber-Haran, Gershman & Spitz, 1981ft (Zylber-Haran et al 1981 ) . In contrast, in the present study, the prolactin response returned to normal without full recovery of the accessory sexual organ weight and plasma testosterone levels. Also, in patients with primary testicular failure and testosterone levels in the low normal range, an exaggerated prolactin response to TRH was observed ). In addition to testosterone, oestradiol also increases prolactin release in man and animals (Kalra, Fawcett, Krulich & McCann, 1973; Yen, Ehara & Siler, 1974 
